Laser Raman Spectroscopy is being used to characterise interfacial properties and stress concentration in bridging fibres of a glass ceramic matrix composite. The preliminary results show that the stress distribution along fibres can be mapped. This technique will therefore assist the understanding of the fracture and fatigue behaviour of these materials.
Introduction
One answer to the need of a light material capable of maintaining good mechanical properties, such as toughness and stiffness at high temperatures, could be fibre reinforced ceramic matrix composites (CMC). In these materials, toughening mechanisms like fibre sliding and fibre bridging of cracks are allowed by fabricating materials with weak fibre-matrix interfaces and the use of high strength silicon carbide fibres. Therefore, the key to the success of CMC lies in the behaviour of fibre-matrix interfaces in the range of temperatures of their use. At present, important interfacial properties are derived from indirect methods such as fibre pull-out and push out tests. The preliminary results presented here show that it is possible, using Raman microprobe spectroscopy with high spatial resolution, to map the stress distribution of single fibres in CMC. This opens up the possibility of direct measurements in the cases where (a) the matrix is transparent and (b) fibres are bridging cracks for all types of ceramic matrices.
Laser Raman spectroscopy
As a result of the anhannonicity of the interatomic forces, the vibrational frequencies of a crystalline material are strain sensitive. Raman microprobe spectroscopy can therefore be used to measure strain in Raman active crystalline materials with high spatial resolution (1-2~un) . This is now a well established technique for characterisation of interfaces and residual stresses in polymer composites (e.g., carbon or ararnid fibres / epoxy resin)':'. In the present study an argon ion laser beam (514.5 nm) was focused through a microscope onto crystalline fibres of the composite and the back scattered light was analysed by a dedicated Raman spectrometer. Shifts in position of characteristic peaks of the material were then converted into strain by comparison with a calibration curve (peak frequency shift vs. strain). Therefore fibres are effectively used as in-situ strain gauges.
Materials
The material used in this study was a barium osumilite matrix silicon carbide (SiC) fibre reinforced composite. Prepreg sheets were prepared by passing fibres through a slurry containing the glass precursor. These were then arranged as a [ [O/90h] , stack of plies. The binder was then burnt off and the composite hot pressed.
The SiC fibres were Tyranno fibres, grade F, produced by UBE. Their amorphous nanostructure made it difficult to clearly identify peaks characteristic of crystalline~-silicon carbide in the Raman spectrum. Thus the study was conducted using the E zg 3 vibrational mode of free carbon which is present in these fibres (Fig. 1) . A calibration curve giving the Ezg carbon peak position of Tyranno fibres as a function of strain ( Fig. 2) was produced by examining a single fibre bonded to a loaded cantilever beam of polymethylmethacrylate". The beam can be flexed up or down to subject the filaments to tension and compression loading respectively. A potential source of error in these type of measurements is the dependence of the Raman peak position to the input laser power. As can be seen in Fig.3 the Raman frequency shift relates linearly to the laser power. Hence it is important to accurately control and monitor the laser power during strain measurements. The actual power of the microprobe at the fibre is also determined by the scatter of the laser light by the matrix of the composite, something which is difficult to quantify and is likely to generate an off-set of peak position of power sensitive fibres in composites.
Specimens of 2mm x 6mm x 150mm in dimensions were cut from the tile with a diamond saw and loaded on a four-point flexural jig after careful polishing. Strain gauges were used to measure deformations on the tensile side. 
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Results and discussion
The contamination of the glass matrix by the carbonised binder produced additional signals. This prevented measurements of absolute values of peak positions in the flexural bending experiments. Therefore an evaluation of thermal residual stresses and a comparison of the average strain of a fibre near the tensile surface with values given by the strain gauge were not possible. The strain values given in figures 4, 5 and 6 are therefore to be considered as being relative. These problems will be overcome in the future by using a model composite processed to produce minimal matrix contamination. An improvement of the confocality of the Raman set-up should also help in this respect.
The mapping of several parallel fibres (Fig. 7) running through several matrix cracks at strains levels of 0.4% and 0.6% (strain gauge) shows stress concentrations where the fibres bridge cracks. Fibre number 0 was ground and polished, while the other three neighbouring fibres were within the matrix (Fig. 7) . The values of stress concentration at the point of matrix cracking range from 2 to 3. The profile shown in Fig.6 provides evidence of new cracks forming as a consequence of increasing the strain from 0.4 to 0.6%. The peak of fibre strain at 250~.un region indicates the presence of a matrix crack which is located beneath the surface.
In order to convert these strain profiles into interfacial shear stresses, a modelling taking into account the influence of the stress field created by neighbouring fibres and the presence of cracks will be used in the future. Laser Raman Spectroscopy was used to map the stress distribution along reinforcing fibres in CMC. This opens up the possibility of measuring fibre-matrix interfacial properties directly with high spatial resolution. In addition, the magnitude and distribution of fibre bridging forces along a crack can be determined. This information is important for the modelling of CMC and is currently determined using indirect methods or theoretical distributions. A further extension of this research will be to investigate the effect of loading history on the fibre crack bridging forces.
